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METHODS OF TREATING A SUBJECT
AFFLICTED WITH AN AUTOIMMUNE
DISEASE USING PREDICTIVE
BIOMARKERS OF CLINICAL RESPONSE TO
GLATIRAMER ACETATE THERAPY IN
MULTIPLE SCLEROSIS

This application 1s a divisional of U.S. Ser. No. 13/049,
720, filed Mar. 16, 2011, now U.S. Pat. No. 8,759,302,
1ssued Jun. 24, 2014, which claims the benefit of U.S.
Provisional Application No. 61/340.4277, filed Mar. 16,
2010, the entire contents of each of which are hereby
incorporated by reference in their entirety into this applica-
tion.

Throughout this application various publications are ref-
erenced by Arabic numeral in parenthesis. The full citation
of the corresponding reference appears at the end of the
specification before the claims. The disclosures of these
publications 1n their entireties are hereby incorporated by
reference 1nto this application in order to more fully describe
the state of the art to which this invention pertains.

BACKGROUND OF THE INVENTION

Multiple sclerosis (MS) 1s a chronic, debilitating autoim-
mune disease of the central nervous system (CNS) with
cither relapsing-remitting (RR) or progressive course lead-
ing to neurologic deterioration and disability. At time of
initial diagnosis, RRMS 1s the most common form of the
disease (1) which 1s characterized by unpredictable acute
episodes of neurological dysftunction (relapses), followed by
variable recovery and periods of clinical stability. The vast
majority of RRMS patients eventually develop secondary
progressive (SP) disease with or without superimposed
relapses. Around 15% of patients develop a sustained dete-
rioration of their neurological function from the beginning;
this form 1s called primary progressive (PP) MS. Patients
who have experienced a single clinical event (Clinically
Isolated Syndrome or “CIS”) and who show lesion dissemi-
nation on subsequent magnetic resonance imaging (MRI)
scans according to McDonald’s criteria, are also considered
as having relapsing MS. (2)

With a prevalence that varies considerably around the
world, MS 1s the most common cause of chronic neurologi-
cal disability 1n young adults. (3,4) Anderson et al. estimated
that there were about 350,000 physician-diagnosed patients
with MS 1n the United States i 1990 (approx. 140 per
100,000 population). (5) It 1s estimated that about 2.5
million individuals are aflected worldwide. (6) In general,
there has been a trend toward an increasing prevalence and
incidence of MS worldwide, but the reasons for this trend
are not fully understood. (5)

Current therapeutic approaches consist of 1) symptomatic
treatment 11) treatment of acute relapses with corticosteroids
and 111) treatment aimed to modily the course of the disease.
Currently approved therapies target the inflammatory pro-
cesses of the disease. Most of them are considered to act as
immunomodulators but their mechanisms of action have not
been completely elucidated. Immunosuppressants or cyto-
toxic agents are also used 1n some patients after failure of
conventional therapies. Several medications have been
approved and clinically ascertained as etlicacious for the

treatment of RR-MS; including BETASERON®,
AVONEX® and REBIF®, which are derivatives of the
cytokine interferon beta (IFNB), whose mechanism of
action 1n MS 1s generally attributed to 1ts immunomodula-
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2

tory eflects, antagonizing pro-inflammatory reactions and
inducing suppressor cells. (7)
(Glatiramer Acetate

Glatiramer acetate (GA) 1s the active substance 1n Copax-
one®, a marketed product indicated for reduction of the
frequency of relapses in patients with RRMS. Its eflective-
ness 1n reducing relapse rate and disability accumulation in
RR-MS 1s comparable to that of other available immuno-
modulating treatments. (8, 9, 10) Glatiramer acetate consists
of the acetate salts of synthetic polypeptides containing four
naturally occurring amino acids: L-glutamic acid, L-alanine,
L-tyrosine and L-lysine. The average molecular weight of
glatiramer acetate 1s between 5,000 and 9,000 Daltons. At a
daily standard dose of 20 mg, GA 1s generally well tolerated,
however response to the drug 1s vanable. In various clinical
trials, GA reduced relapse rates and progression of disability
in patients with RR-MS. The therapeutic effect of GA 1s
supported by the results of magnetic resonance 1maging
(MRI) findings from various clinical centers (11), however
there are no validated predictive biomarkers of response to
A treatment.

A possible mitial mode of action of GA 1s associated with
binding to MHC molecules and consequent competition
with various myelin antigens for their presentation to T cells.
(12) A further aspect of its mode of action 1s the potent
induction of T helper 2 (Th2) type cells that presumably can
migrate to the brain and lead to in situ bystander suppres-
sion. (13) It has been shown that GA treatment 1n MS results
in the induction of GA-specific T cells with predominant
Th2 phenotype both 1n response to GA and cross-reactive
myelin antigens. (13, 14) Furthermore, the ability of GA-
specific infiltrating cells to express anti-inflammatory cytok-
ines such as IL-10 and transforming growth factor-beta
(TGF-3) together with brain-derived neurotrophic factor
(BDNF) seem to correlate with the therapeutic activity of
GA in EAE. (13, 16, 17)

Clinical experience with GA consists of information
obtained from completed and ongoing clinical trials and
from post-marketing experience. The clinical program
includes three double-blind, placebo-controlled studies 1n
RRMS subjects treated with GA 20 mg/day. (18, 19, 20) A
significant reduction 1n the number of relapses, compared
with placebo, was seen. In the largest controlled study, the
relapse rate was reduced by 32% from 1.98 under placebo to
1.34 under GA 20 mg. GA 20 mg has also demonstrated
beneficial effects over placebo on MRI parameters relevant
to RRMS. A significant eflect in median cumulative number
of Gd-enhancing lesions over 9 months of treatment (11
lesions 1n the 20 mg group compared to 17 lesions under
placebo) was demonstrated.

The clinical program with GA also includes one double-
blind study 1n chronic-progressive MS subjects, (21) one
double-blind placebo-controlled study in primary progres-
sive patients, (22) one double-blind placebo-controlled
study 1n CIS patients (23) and numerous open-label and
compassionate use studies, mostly in RRMS. The clinical
use of GA has been extensively reviewed and published in
the current literature. (24, 23, 26, 27)

To determine whether GA-induced 1mmunological
changes 1 vivo can predict the clinical response to GA
therapy, we conducted a prospective 2-year study in which
cytokine levels, BDNF production and lymphocyte prolii-
eration 1n ex-vivo PBMC of GA-treated MS patients were
correlated with the clinical response to the drug at the end of
at least 2 years of therapy. The laboratory personnel were
blinded as to whether the patients were clinical responders
or hypo/non-responders.




US 9,687,522 B2

3
SUMMARY OF THE INVENTION

The present mvention provides a method for treating a
subject afllicted with an autoirmmune disease with a phar-
maceutical composition comprising glatiramer acetate and a
pharmaceutically acceptable carrier, comprising the steps of:

a) administering a therapeutic amount of the pharmaceu-
tical composition to the subject;

b) determining whether the subject 1s a glatiramer acetate
responder or a glatiramer acetate hypo-/non-responder
by measuring the value of a biomarker selected from
the group consisting of IL-10 concentration, IL-17
concentration, I[.-18 concentration, TNF-o concentra-
tion, BDNF concentration, caspase-1 concentration,

IL.-10/IL.-18 ratio and IL.-10/11.-17 ratio 1n the blood of

the subject, and comparing the measured value to a
reference value for the biomarker to 1dentity the subject
as a glatiramer acetate responder or a glatiramer acetate
hypo-/non-responder; and

¢) continuing the administration if the subject 1s 1dentified
as a glatiramer acetate responder, or modifying treat-
ment of the subject 1f the subject 1s identified as a
glatiramer acetate hypo-/non-responder.

The present invention also provides a method for moni-
toring treatment of an autoirmmune disease 1 a subject
afllicted therewith, comprising:

a) adminmistering to the subject a therapeutic amount of a
pharmaceutical composition comprising glatiramer
acetate and a pharmaceutically acceptable carrier;

b) evaluating whether admimistration of the pharmaceu-
tical composition causes a change 1n the value of a
biomarker selected from the group consisting of IL-10
concentration, IL.-17 concentration, I[.-18 concentra-
tion, TNF-o concentration, BDNF concentration, cas-
pase-1 concentration, IL-10/1L-18 ratio and IL-10/IL-
1’7 ratio 1n the blood of the subject.

The present invention also provides a method for deter-
mimng clinical responsiveness to glatiramer acetate therapy
in a subject afilicted with an autormmune disease and
receiving glatiramer acetate, the method comprising mea-
suring the value of a biomarker selected from the group
consisting of IL-10 concentration, IL-17 concentration,
IL-18 concentration, TNF-a concentration, BDNF concen-
tration, caspase-1 concentration, IL-10/IL-18 ratio and
IL-10/IL-17 ratio 1n the blood of the subject, and comparing
the measured value to a reference value for the biomarker,
to thereby evaluate clinical responsiveness to glatiramer
acetate.

The present invention also provides a method to identify
a composition useful for the treatment of an autoimmune
disease 1n a subject, comprising:

a) administering the composition to the subject;

b) evaluating whether administration of the composition
causes a change in the value of a biomarker selected
from the group consisting of IL-10 concentration,
IL.-17 concentration, I1L.-18 concentration, TNF-a con-

centration, BDNF concentration, caspase-1 concentra-
tion, unstimulated IL-4/IFN-y ratio, 1L-10/IL-18 ratio

and IL-10/IL-17 ratio 1n the blood of the subject; and
¢) identifying the composition as useful for the treatment
of the autormmune disease in the subject if the change
in the value of the biomarker i1s associated with treat-
ment of the autoirmmune disease.
The present invention also provides a method to identify
a dose of a composition useful for the treatment of an
autoimmune disease comprising:
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4

a) administering the composition to subjects at different
doses, wherein the composition causes a change 1n the
value of a biomarker selected from the group consisting
of IL-10 concentration, IL.-17 concentration, I[.-18
concentration, TNF-a concentration, BDNF concentra-
tion, caspase-1 concentration, unstimulated IL-4/IFN-vy
ratio, IL-10/IL-18 ratio and IL-10/IL-17 ratio in the
blood of the subject;

b) evaluating the change 1n the value of the biomarker at
the different doses of the composition; and

¢) 1dentitying a dose of the composition that elicits the
desired magnitude of change in the value of the bio-
marker.

The present invention also provides a method for treating
a subject afilicted with an autoimmune disease with a
pharmaceutical composition comprising glatiramer acetate
and a pharmaceutically acceptable carrier, comprising the
steps of:

a) administering a therapeutic amount of the pharmaceu-
tical composition to the subject;

b) measuring the value of an unstimulated IL-4/IFN-v
ratio 1n the blood of the subject and comparing the
measured value to a reference value for the unstimu-

lated IL-4/IFN-v ratio;

¢) 1identitying the subject as a glatiramer acetate responder
if the measured value 1s greater than the reference value
or as a glatiramer acetate hypo-/non-responder 1 the
measured value 1s less than or equal to the reference
value; and

d) continuing the administration 11 the subject 1s identified
as a glatiramer acetate responder, or modifying treat-
ment of the subject 1f the subject 1s identified as a
glatiramer acetate hypo-/non-responder.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1.

Lymphoproliferative responses to GA and TT 1n the GA-R
and GA-HR/NR groups.

Peripheral blood mononuclear cells were seeded 1 96
well U-bottom micro titer plate 1n the absence or presence of
antigen (GA at 40 and 100 pg/ml) and TT (5 pg/ml) as
control antigen at pre-treatment and at various time points
during treatment. Supernatants were collected from these
cultured cells at days 1, 3 and 5 for various analysis.
Lymphoproliferation was performed at baseline (pre-treat-
ment) and at 3, 6, 9-12 and 24 months during GA treatment.
The graphs represent mean proliferation responses 1n CPM
and standard deviation for each of the two groups at different
time points. (N) indicates the number of subjects studied at

cach time point in the two groups. Background proliferation
activity (Unstimulated condition) range was 190-700 CPM.

FIG. 2A-B.
Serum Cytokines and Caspase-1 Levels.

Serum IFN-y, TNF-a, IL-18, IL-10, IL-4, TGF-f and
caspase-1 Levels were measured by ELISA at baseline
(pre-treatment), 3 months, 6 months, 12 months and 24
months during treatment with GA.

FIG. 3A-B.

Cytokine Levels in PBMC Supernatants.

IL-10, IL-17 and IL-18 levels as measured by ELISA 1n
PBMC supernatants after 5-day culture with GA (40 ug/ml),
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TT (5 ug/ml) and unstimulated cells. Assays were performed
at baseline (pre-treatment), 3 months and 6 months, 12

months and 24 months during treatment with GA.

FI1G. 4.

IL-4/IFN-y ratio in unstimulated and CD3/CD28 stimu-
lated PBMC for the GA-R and GA-HR/NR groups at
baseline (pre-treatment) and at 3, 6, 9-12 and 24 months
during GA treatment.

FI1G. SA-C.

Brain-Derived Neurotrophic Factor (BDNF) in serum (A)
and PBMC supernatant (B and C) as measured by ELISA at
baseline (pre-treatment), 3 months, 6 months, 12 months and
24 months during treatment with GA.

FIG. 6A-B.

Receiver Operating Characteristic (ROC) curves for
selected assays. (A) shows ROC curves for continuous
measurements of change from baseline. Measurements are
at 6 months except as specified. “Combination” refers to a
best-fitting logistic regression using change in I1L.-4, IL-18,
Caspase, and TNF-alpha from baseline to 6 months. (B)
shows ROC curves for dichotomized measurements. Single
assay curves are determined using optimism-corrected sen-
sitivity and specificity. “Combination” here refers a test
based only a count of whether IL-18 and Caspase levels are

below their thresholds.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The present mvention provides a method for treating a
subject afllicted with an autoirmmune disease with a phar-
maceutical composition comprising glatiramer acetate and a
pharmaceutically acceptable carrier, comprising the steps of:

a) administering a therapeutic amount of the pharmaceu-
tical composition to the subject;

b) determining whether the subject 1s a glatiramer acetate
responder or a glatiramer acetate hypo-/non-responder
by measuring the value of a biomarker selected from
the group consisting of IL-10 concentration, IL-17
concentration, IL.-18 concentration, TNF-o. concentra-
tion, BDNF concentration, caspase-1 concentration,

IL.-10/IL-18 ratio and IL.-10/11.-17 ratio 1n the blood of

the subject, and comparing the measured value to a
reference value for the biomarker to 1dentily the subject
as a glatiramer acetate responder or a glatiramer acetate
hypo-/non-responder; and

¢) continuing the administration 1f the subject 1s 1dentified
as a glatiramer acetate responder, or modifying treat-
ment of the subject 1f the subject 1s identified as a
glatiramer acetate hypo-/non-responder.

The present invention also provides a method for moni-
toring treatment of an autoimmune disease 1 a subject
afllicted therewith, comprising:

a) admimstering to the subject a therapeutic amount of a
pharmaceutical composition comprising glatiramer
acetate and a pharmaceutically acceptable carrier;

b) evaluating whether admimistration of the pharmaceu-
tical composition causes a change in the value of a
biomarker selected from the group consisting of IL-10
concentration, II.-17 concentration, I[.-18 concentra-
tion, TNF-a concentration, BDNF concentration, cas-
pase-1 concentration, IL-10/1L-18 ratio and IL-10/IL-
1’7 ratio 1n the blood of the subject.

The present invention also provides a method for deter-
mimng clinical responsiveness to glatiramer acetate therapy
in a subject afllicted with an autoimmune disease and
receiving glatiramer acetate, the method comprising mea-
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6

suring the value of a biomarker selected from the group
consisting of IL-10 concentration, IL-17 concentration,
IL-18 concentration, TNF-a concentration, BDNF concen-
tration, caspase-1 concentration, IL-10/IL-18 ratio and
IL.-10/IL-177 ratio 1n the blood of the subject, and comparing
the measured value to a reference value for the biomarker,
to thereby evaluate climical responsiveness to glatiramer
acetate.

The present invention also provides a method to 1dentity
a composition useful for the treatment of an autoimmune
disease 1n a subject, comprising:

a) administering the composition to the subject;

b) evaluating whether administration of the composition
causes a change in the value of a biomarker selected
from the group consisting of IL-10 concentration,
IL.-17 concentration, I1L.-18 concentration, TNF-a con-
centration, BDNF concentration, caspase-1 concentra-
tion, unstimulated IL-4/IFN-vy ratio, 1L-10/IL-18 ratio
and IL-10/IL-17 ratio in the blood of the subject; and

¢) 1dentitying the composition as useful for the treatment
of the autoimmune disease in the subject if the change
in the value of the biomarker 1s associated with treat-
ment of the autoirmmune disease.

The present invention also provides a method to 1dentity

a dose of a composition useful for the treatment of an
autoimmune disease comprising:

a) administering the composition to subjects at different
doses, wherein the composition causes a change in the
value of a biomarker selected from the group consisting
of IL-10 concentration, I[.-17 concentration, I[.-18
concentration, TNF-a concentration, BDNF concentra-
tion, caspase-1 concentration, unstimulated I1L-4/IFN-vy
ratio, IL-10/IL-18 ratio and IL.-10/IL.-17 ratio in the
blood of the subject;

b) evaluating the change 1n the value of the biomarker at
the different doses of the composition; and

¢) 1dentitying a dose of the composition that elicits the
desired magnitude of change in the value of the bio-
marker.

In the methods disclosed herein, comparing the measured
value to a reference value may include a step of 1dentifying
the subject as a glatiramer acetate responder 11 the measured
value of the IL-10 concentration, BDNF concentration,
IL-10/IL-18 ratio, or IL-10/IL-17 ratio 1s greater than the
reference value.

In the methods disclosed herein, comparing the measured
value to a reference value may include a step of identifying
the subject as a glatiramer acetate responder 11 the measured
value of the IL-17 concentration, I[.-18 concentration or
caspase-1 concentration 1s less than the reference value.

In the methods disclosed herein, comparing the measured
value to a reference value may include a step of 1dentifying
the subject as a glatiramer acetate hypo-/non-responder it
the measured value of the I1.-10 concentration, 1L.-10/1L.-17
ratio, or IL.-10/1L-18 ratio 1s less than the reference value, or
if the IL-17 concentration 1s greater than or equal to the
reference value.

The present invention also provides a method for treating,
a subject afilicted with an autoimmune disease with a
pharmaceutical composition comprising glatiramer acetate

and a pharmaceutically acceptable carrier, comprising the
steps of:
a) administering a therapeutic amount of the pharmaceu-
tical composition to the subject;

"y
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b) measuring the value of an unstimulated IL-4/IFN-v
ratio 1 the blood of the subject and comparing the
measured value to a reference value for the unstimu-
lated IL-4/IFN-y ratio;

¢) identitying the subject as a glatiramer acetate responder
if the measured value 1s greater than the reference value
or as a glatiramer acetate hypo-/non-responder 11 the
measured value 1s less than or equal to the reference
value; and

d) continuing the administration if the subject 1s 1dentified
as a glatiramer acetate responder, or modifying treat-
ment of the subject 1f the subject 1s identified as a
glatiramer acetate hypo-/non-responder.

In an embodiment of the methods, the biomarker i1s
unstimulated IL-4/IFN-v ratio, and the change in the value of
the biomarker 1s an increase in the value of the biomarker.

In an embodiment of the methods, the autoimmune dis-
ease 1S a B-cell mediated autoimmune disease, a T-cell
mediated autormmune disease, an arthritic condition, a
demyelinating disease, an inflammatory disease, or an
inflammatory bowel disease.

In an embodiment of the methods, the autoimmune dis-
case 1s selected from the group consisting of rheumatoid
arthritis, Crohn’s disease, colitis, myasthema gravis, and
multiple sclerosis.

In an embodiment of the methods, said composition
comprises an active agent selected from the group consisting
of glatiramer acetate, a glatiramer acetate-related peptide
and a glatiramer acetate-related polypeptide.

In an embodiment of the methods, said composition
comprises a glatiramer acetate-related peptide or a glati-
ramer acetate-related polypeptide.

In an embodiment of the methods, said composition
comprises glatiramer acetate.

In an embodiment of the methods, an increase 1n 1L.-10
concentration, BDNF concentration, IL-10/IL.-18 ratio, or
IL-10/IL-17 ratio 1s associated with a subject being a
responder to glatiramer acetate treatment.

In an embodiment of the methods, the concentration or
ratio 1s a serum concentration or serum ratio.

In an embodiment of the methods, the concentration or
rat1o 1s a PBMC supernatant concentration or PBMC super-
natant ratio.

In an embodiment of the methods, the increase 1n IL.-10
concentration, BDNF concentration, IL-10/IL.-18 ratio, or

IL-10/IL-17 ratio 1s observed at 3 months.

In an embodiment of the methods, the increase 1n 11.-10
concentration, BDNF concentration, I1.-10/IL.-18 ratio, or
IL-10/IL-17 ratio 1s observed at 6 months.

In an embodiment of the methods, at 6 months a serum
IL-10 concentration greater than or equal to 56 pg/ml 1s
associated with a subject being a responder to glatiramer
acetate treatment.

In an embodiment of the methods, at 6 months a super-
natant IL-10 concentration greater than or equal to 246
pg/ml 1s associated with a subject being a responder to
glatiramer acetate treatment.

In an embodiment of the methods, at 3 months a super-
natant BDNF concentration greater than or equal to 2.4
pg/ml 1s associated with a subject being a responder to
glatiramer acetate treatment.

In an embodiment of the methods, at 6 months a super-
natant IL-10/IL-17 ratio greater than or equal to 2.03 1s
associated with a subject being a responder to glatiramer
acetate treatment.
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In an embodiment of the methods, at 6 months a super-
natant IL-10/IL-18 ratio greater than or equal to 0.74 1s
associated with a subject being a responder to glatiramer
acetate treatment.

In an embodiment of the methods, at 3 months an
unstimulated IL-4/IFN-y ratio greater than or equal to 0.24
1s associated with a subject being a responder to glatiramer
acetate treatment.

In an embodiment of the methods, at 6 months a serum
IL-10 concentration below 52 pg/ml 1s associated with a
subject being a non-responder to glatiramer acetate treat-
ment.

In an embodiment of the methods, at 6 months a super-
natant IL-10/IL-17 ratio below 2.03 1s associated with a
subject being a non-responder to glatiramer acetate treat-
ment.

In an embodiment of the methods, at 6 months a serum
IL-10/IL-18 ratio below 0.74 1s associated with a subject
being a non-responder to glatiramer acetate treatment.

In an embodiment of the methods, a decrease 1n IL.-17
concentration, IL.-18 concentration or caspase-1 concentra-
tion 1s associated with a subject being a responder to
glatiramer acetate treatment.

In an embodiment of the methods, the concentration or
ratio 1s a serum concentration or serum ratio.

In an embodiment of the methods, the concentration or
ratio 1s a PBMC supernatant concentration or PBMC super-
natant ratio.

In an embodiment of the methods, the decrease 1n I1.-17
concentration, IL.-18 concentration or caspase-1 concentra-
tion 1s observed at 3 months.

In an embodiment of the methods, the decrease 1n IL.-17
concentration, IL-18 concentration or caspase-1 concentra-
tion 1s observed at 6 months.

In an embodiment of the methods, at 6 months a super-
natant I1L.-17 concentration less than or equal to 95 pg/ml 1s
associated with a subject being a responder to glatiramer
acetate treatment.

In an embodiment of the methods, at 6 months a serum
IL.-18 concentration less than or equal to 215 pg/ml 1is
associated with a subject being a responder to glatiramer
acetate treatment.

In an embodiment of the methods, at 6 months a serum
caspase-1 concentration 1s less than or equal to 208 pg/ml 1s
associated with a subject being a responder to glatiramer
acetate treatment.

In an embodiment of the methods, at 6 months a super-
natant IL-17 concentration greater than or equal to 135
pg/ml 1s associated with a subject being a non-responder to
glatiramer acetate treatment.

In an embodiment of the methods, more than one bio-
marker 1s measured and/or evaluated.

In an embodiment of the methods, the biomarker 1s a
combined biomarker consisting of I1L-18 concentration and
caspase-1 concentration.

In an embodiment of the methods, the biomarker i1s
selected from the group consisting of IL-10 concentration,
IL.-17 concentration, II.-18 concentration, TNF-a concen-
tration, BDNF concentration, caspase-1 concentration,
IL.-10/1L-18 ratio and IL-10/IL-17 ratio.

The present invention further provides methods for treat-
ing and preventing autoimmune diseases in a subject which
include administering a therapeutically eflective amount of
a composition having an active agent which 1s selected from
the group consisting of glatiramer acetate, a glatiramer
acetate-related peptide and a glatiramer acetate-related poly-
peptide.
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Autoimmune diseases contemplated by the present inven-
tion include either cell-mediated disease (e.g., T-cell) or
antibody mediated (e.g., B-cell) disorders. Such disorders
can be, Inter alia, arthritic conditions, demyelinating dis-
cases and inflammatory diseases. For example, autoimmune
diseases contemplated herein include multiple sclerosis,
autormmune hemolytic anemia, autoimmune oophoritis,
autoimmune thyroiditis, autoimmune uveoretinitis, Crohn’s
disease, chronic immune thrombocytopenic purpura, colitis,
contact sensitivity disease, diabetes mellitus, Grave’s dis-
case, Guillain-Barre’s syndrome, Hashimoto’s disease, 1dio-
pathic myxedema, myasthenia gravis, psoriasis, pemphigus
vulgaris, rheumatoid arthritis, or systemic lupus erythema-
tosus. The present compositions can be used to treat one or
more of these diseases.

The “arthritic condition” contemplated herein 1s a condi-
tion wherein at least one symptom of rheumatoid arthritis 1s
observed 1n at least one joint of a mammal, for example 1n
a shoulder, knee, hip, backbone or a digit of the mammal.
Examples of arthritic conditions include “polyarthritis”,
which 1s an arthritic condition that affects more than a single
joint; “quvenile arthritis”, an arthritic condition of humans
under the age of 21; and Felty’s syndrome, which can
include the symptoms of neutropenia, splenomegaly, weight
loss, anemia, lymphadenopathy, and pigment spots on the
skin.

In one embodiment, any autoimmune disease can be
treated by the present polypeptides so long as the contem-
plated polypeptide binds to an MHC class 11 complex that
has been associated with the autoimmune disease.

In another embodiment, the method for treating an auto-
immune disease 1n a mammal further involves inhibiting the
proliferation or function of T cells which are responsive to
an autoantigen. RA 1s a'T cell-mediated autoimmune disease
which can be treated with the present polypeptides. The
pathological process of autoimmune diseases and immune
rejection 1s mediated by T cells. Upon binding to and
recognition of an antigen, T cells proliferate, secrete cytok-
ines and recruit additional inflammatory and cytotoxic cells
to the site. The present polypeptides aflect T cell functions
such as cytokine secretion and recruitment of inflammatory
and cytotoxic cells to the site. When the autoimmune disease
1s an arthritic condition the autoantigen can be collagen, and
the present polypeptides can inhibit the function of collagen-
responsive T cells.

In another embodiment, the method for treating an auto-
immune disease i a mammal mvolves binding the poly-
peptide to an antigen presenting cell such as a macrophage,
a dendritic cell of the lymphoid tissue or an epidermal cell.
The proliferation and functions of a T cell are activated
when an appropriate antigen 1s presented to 1t. By binding to
antigen presenting cells, the present polypeptides may block
or otherwise interfere with T cell activation.

In yet another embodiment, the method for treating an
autormmune disease 1 a mammal involves binding the
polypeptide to a MHC class II complex which 1s associated
with an autoirmmune disease. The class II MHC complex 1s
expressed predominantly on the surfaces of B lymphocytes
and antigen presenting cells such as macrophages. These
Class II MHC complexes have a peptide-binding cleit which
1s the site at which antigenic peptides are presented to T
cells. When the present polypeptides bind to a MHC class 11
complex, those polypeptides can block or otherwise inter-
fere with antigen presentation and/or T cell activation.

In another embodiment, the method for treating an auto-
immune disease 1 a mammal ivolves binding the poly-
peptide to GA-reactive B cell antibodies, and/or GA-reac-
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tive T cells. GA-reactive TH2/3 T cells facilitate the
therapeutic eflects of GA. When binding to GA-reactive T
cells, the present polypeptides stimulate those T cells to
proliferate, secrete anti-inflammatory cytokines and enhance
the therapeutic benefits of treatment by the present methods.
According to the present invention, the present polypeptides
also bind to autoantigen-reactive antibodies which may
block the antibody from attacking the target tissue, thereby
helping to prevent the autoimmune disease from progress-
ing.

It should be understood that all combinations of the
described embodiments are also within the scope of the
invention.

DEFINITIONS

Relapses:

Relapses are characterized by the occurrence of neuro-
logical dysfunction symptoms, appearing aiter a 30-day
period of stability or improvement and lasting for more than
24 hours (no 1infection, no fever). The number of relapses are
analyzed using a logistic regression model controlling for
treatment and age.

“Relapse Rate” 1s the number of confirmed relapses per
umt time. “Annualized relapse rate” (ARR) 1s the mean
value of the number of confirmed relapses per each patient
multiplied by 365 and divided by the number of days on
study drug per each patient.

Forms of Multiple Sclerosis:

There are five distinct disease stages and/or types of MS:

1) benign multiple sclerosis;

2) relapsing-remitting multiple sclerosis (RRMS);

3) secondary progressive multiple sclerosis (SPMS);

4) progressive relapsing multiple sclerosis (PRMS; and

S) primary progressive multiple sclerosis (PPMS)

Benign multiple sclerosis 1s a retrospective diagnosis
which 1s characterized by 1-2 exacerbations with complete
recovery, no lasting disability and no disease progression for
10-15 years after the 1nitial onset. Benign multiple sclerosis
may, however, progress mto other forms of multiple scle-
Iosis.

Patients suflering from RRMS experience sporadic exac-
erbations or relapses, as well as periods of remission.
Lesions and evidence of axonal loss may or may not be
visible on MRI for patients with RRMS.

SPMS may evolve from RRMS. Patients afllicted with
SPMS have relapses, a diminishing degree of recovery
during remissions, less frequent remissions and more pro-
nounced neurological deficits than RRMS patients. Enlarged
ventricles, which are markers for atrophy of the corpus
callosum, midline center and spinal cord, are visible on MRI
of patients with SPMS.

PPMS 1s characterized by a steady progression of increas-
ing neurological deficits without distinct attacks or remis-
sions. Cerebral lesions, diffuse spinal cord damage and
evidence of axonal loss are evident on the MRI of patients
with PPMS. PPMS has periods of acute exacerbations while
proceeding along a course of increasing neurological deficits
without remissions. Lesions are evident on MRI of patients
suflering from PRMS. (28)

A clinically 1solated syndrome (CIS) 1s a single monos-
ymptomatic attack compatible with MS, such as optic neu-
ritis, brain stem symptoms, and partial myelitis. Patients
with CIS that experience a second clinical attack are gen-
erally considered to have clinically definite multiple sclero-

s1s (CDMS). Over 80 percent of patients with a CIS and MRI
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lesions go on to develop MS, while approximately 20
percent have a selt-limited process. (29, 30)

Multiple sclerosis may present with optic neuritis, blur-
ring of vision, diplopia, involuntary rapid eye movement,
blindness, loss of balance, tremors, ataxia, vertigo, clumsi-
ness of a limb, lack of co-ordination, weakness of one or
more extremity, altered muscle tone, muscle stiflness,
spasms, tingling, paraesthesia, burning sensations, muscle
pains, facial pain, trigeminal neuralgia, stabbing sharp pains,
burning tingling pain, slowing of speech, slurring of words,
changes 1n rhythm of speech, dysphagia, fatigue, bladder
problems (including urgency, frequency, incomplete empty-
ing and incontinence), bowel problems (1including constipa-
tion and loss of bowel control), impotence, diminished
sexual arousal, loss of sensation, sensitivity to heat, loss of
short term memory, loss of concentration, or loss of judg-
ment or reasoning.

Relapsing Form of Multiple Sclerosis:

The term relapsing MS 1ncludes:

1) patients with RRMS;

2) patients with SPMS and superimposed relapses; and

3) patients with CIS who show lesion dissemination on

subsequent MRI scans according to McDonald’s crite-
ria.

As used herein, relapsing forms of multiple sclerosis
include: Relapsing-remitting multiple sclerosis (RRMS),
characterized by unpredictable acute episodes of neurologi-
cal dystunction (relapses), followed by variable recovery
and periods of clinical stability;

Secondary Progressive MS (SPMS), wherein patients
having RRMS develop sustained deterioration with or with-
out relapses superimposed; and

Primary  progressive-relapsing multiple  sclerosis
(PPRMS) or progressive-relapsing multiple sclerosis
(PRMS), an uncommon form wherein patients developing a
progressive deterioration from the beginning can also
develop relapses later on.

As used herein, a responder (R) 1s a patient with an annual
relapse rate (ARR)<0.5 and no evidence of disease progres-
sion as measured by EDSS (expanded disability status
scale). A hypo/non-responder (HR/NR) 1s a patient with an
ARR>0.5 and/or with progression i the EDSS of at least 1
point sustained for 6 months
Kurtzke Expanded Disability Status Scale (EDSS):

The Kurtzke Expanded Disability Status Scale (EDSS) 1s
a method of quantifying disability 1n multiple sclerosis. The
EDSS replaced the previous Disability Status Scales which
used to bunch people with MS 1n the lower brackets. The
EDSS quantifies disability in eight Functional Systems (FS)
and allows neurologists to assign a Functional System Score
(FSS) 1n each of these. The Functional Systems are: pyra-
midal, cerebellar, brainstem, sensory, bowel and bladder,
visual & cerebral (according to www.mult-sclerosis.org/
expandeddisabilitystatusacale).

As used herein, “moditying treatment™ includes stopping
administration of a pharmaceutical composition, stopping
administration of the pharmaceutical composition 1n favor of
an alternative treatment, adding a further treatment to be
used in conjunction with the pharmaceutical composition,
changing the dose of the pharmaceutical composition, or any
combination thereof.

As used herein, “in the blood of the subject” 1s repre-
sented by “serum,” PBMCs derived from the subject’s
blood, and also the “supernatant” of PBMCs dernived from
the subject’s blood.

As used herein “3 months™ refers to a time point which 1s
three months after the beginming of administration of a
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pharmaceutical composition to a subject. “6 months™ refers
to a time point which 1s six months after the beginning of
administration of a pharmaceutical composition to a subject.

As used herein, the “supernatant™ at “3 months™ or the
“supernatant” at “6 months” refers to supernatants collected
from Peripheral blood mononuclear cells (PBMCs) purified
from subject blood samples taken at 3 months or at 6 months
and 1ncubated in the presence or absence of antigen, e.g.,
glatiramer acetate, as described 1n the methods hereinbelow.

As used herein, “unstimulated 1L-4/IFN-v ratio” refers to
a 1L-4/IFN-y ratio value measured 1n the blood of a subject
where the blood of the subject, or PBMCs derived from the
blood of the subject, has not been incubated 1n the presence
ol an antigen.

As used herein, a “reference value” 1s a value measured
before the beginning of admimistration of a pharmaceutical
composition to a subject afllicted with an autoimmune
disease, or a value which has previously been determined to
be associated with a response or non-response to a treatment
for the autormmune disease, where the treatment comprises
administration of the pharmaceutical composition or com-
prises administration of a different pharmaceutical compo-
sition.

For the purpose of the present invention, “glatiramer
acetate or a glatiramer acetate-related peptide or polypep-
tide” 1s intended to include any peptide or polypeptide,
including a random copolymer, that cross-reacts function-
ally with myelin basic protein (MBP) and 1s able to compete
with MBP on binding to the MHC class II in the antigen
presentation.

A copolymer for use as active agent 1 the present
invention may be a random copolymer comprising a suitable
quantity of a positively charged amino acid such as lysine
(K) or arginine (R), in combination with a negatively
charged amino acid (preferably 1n a lesser quantity) such as
glutamic acid (E) or aspartic acid (D), optionally 1n combi-
nation with a non-charged neutral amino acid such as alanine
(A) or glycine (G), serving as a filler, and optionally with an
amino acid adapted to confer on the copolymer immuno-
genic properties, such as an aromatic amino acid like tyro-
sine (Y) or tryptophan (W).

The copolymers for use 1n the present invention can be
composed of L- or D-amino acids or mixtures thereof. As 1s
known by those of skill in the art, L-amino acids occur in
most natural proteins. However, D-amino acids are com-
mercially available and can be substituted for some or all of
the amino acids used to make the copolymers used in the
present mvention. The present invention contemplates the
use of copolymers containing both D- and L-amino acids, as
well as copolymers consisting essentially of either L- or
D-amino acids.

In one embodiment, the active agent for use 1n the present
invention comprises at least one random three- or four-
amino acid copolymer comprising one amino acid selected
from each of the four following groups: (a) lysine (K) and
arginine (R); (b) glutamic acid (E) and aspartic acid (D); (c)
alanine (A) and glycine (G); and (d) tyrosine (Y) and
tryptophan (W).

In one embodiment, the copolymer comprises a combi-
nation of the amino acids tyrosine, glutamic acid, alanine,
and lysine, herein designated poly-YEAK, of net overall
positive electrical charge. In an embodiment, the copolymer
1s G A, of the following molar ratio of the amino acids: about
0.14 glutamic acid, about 0.43 alanine, about 0.10 tyrosine,
and about 0.34 lysine. It may be a low molecular weight or
high molecular weight copolymer being a polypeptide from
about 15 to about 100, preferably from about 40 to about 80,
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amino acids i length. The copolyvmer has an average
molecular weight of about 2,000-40,000 Da, preferably of

about 2,000-13,000 Da, more preferably of about 4,700-13,
000 Da, most preferably of about 5,000-9,000 Da, and
mostly preferred of about 6,000-8,000 Da. Preferred

molecular weight ranges and processes for making a pre-
ferred form of GA are described 1n U.S. Pat. No. 5,800,808,
the entire contents of which 1s hereby incorporated by
reference in 1ts entirety as 1f fully disclosed herein.

It 1s clear that this 1s given by way of example only, and
that the active agent can be varied both with respect to the
constituents and relative proportions of the constituents, thus
obtaining poly-YEAK copolymers different from GA.

In another embodiment, the active agent of the present
invention 1s a GA-related polypeptide that 1s a random
copolymer containing four different amino acids, each from
a different one of the groups (a) to (d), but excluding GA.
The activity exhibited by GA 15 expected to remain 11 one or
more of the following substitutions 1s made 1n the amino
acid composition of the copolymer: aspartic acid (D) for
glutamic acid (E), glycine (G) for alanine (A), arginine (R)
tor lysine (K), and tryptophan (W) for tyrosine (Y).

Thus, 1n another embodiment, the GA-related polypeptide
of the mvention may include any of those copolymers
disclosed in WO 00/05250, the entire contents of which 1s
hereby incorporated herein by reference as 1f fully disclosed
herein, and other synthetic amino acid copolymers such as
the random four-amino acid copolymers described by Frid-
kis-Hareli et al. (31) as candidates for treatment of multiple
sclerosis, namely copolymers (14-, 35- and 50-mers) con-
taining the amino acids phenylalanine, glutamic acid, ala-
nine and lysine (poly-FEAK), or tyrosine, phenylalanine,
alamine and lysine (poly-YFAK), and any other similar
copolymer to be discovered that can be considered a uni-
versal antigen similar to GA.

In another embodiment, the GA-related polypeptide of the
invention 1s a copolymer containing a combination of three
different amino acids each from a different one of three
groups of the groups (a) to (d). These copolymers are herein
referred to as terpolymers. In an embodiment, the mole
fraction of amino acids of the terpolymers 1s about what 1s
preferred for GA.

In one embodiment, the terpolymers for use 1n the present
invention contain tyrosine (Y ), alanine (A), and lysine (K),
heremnafter designated poly-YAK. The average molar frac-
tion of the amino acids in these terpolymers can vary. For
example, tyrosine can be present 1n a mole fraction of about
0.005-0.250; alanine can be present in a mole fraction of
about 0.3-0.6; and lysine can be present in a mole fraction
of about 0.1-0.5, but preferably the molar ratios of tyrosine,
alamine and lysine are about 0.10 to about 0.54 to about 0.35.
The average molecular weight of poly-YAK 1s about 2,000-
40,000 Da, preterably about 3,000-35,000 Da, more prefer-
ably about 5,000-25,000 Da. It 1s possible to substitute
arginine (R) for lysine

(K), glycine (G) for alanine (A), and or tryptophan (W)
for tyrosine (Y).

In another embodiment, the terpolymers for use in the
present invention contain tyrosine (Y ), glutamic acid (E),
and lysine (K), hereinafter designated poly-YEK. The aver-
age mole fraction of the amino acids in these terpolymers
can vary: glutamic acid can be present 1n a mole fraction of
about 0.005-0.300, tyrosine can be present 1n a mole fraction
of about 0.005-0.250, and lysine can be present 1n a mole
fraction of about 0.3-0.7, but preferably the molar ratios of
glutamic acid, tyrosine, and lysine are about 0.26 to about
0.16 to about 0.58. The average molecular weight of poly-
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YEK 1s about 2,000-40,000 Da, preferably about 3,000-35,
000 Da, more preferably about 5,000-25,000 Da. It 1s

possible to substitute arginine (R) for lysine (K), aspartic
acid (D) for glutamic acid (E), and/or tryptophan (W) for
tyrosine (Y).

In a further embodiment, the terpolymers for use 1n the
present invention contain lysine (K), glutamic acid (E), and
alanine (A), hereinafter designated poly-KEA. The average
molar fraction of the amino acids 1n these polypeptides can
also vary. For example, glutamic acid can be present in a
mole {fraction of about 0.005-0.300, alanine 1n a mole
fraction of about 0.005-0.600, and lysine can be present 1n
a mole fraction of about 0.2-0.7, but preferably the molar
ratios of glutamic acid, alanine and lysine are about 0.15 to

about 0.48 to about 0.36. The average molecular weight of
YEK 1s about 2,000-40,000 Da, preferably about 3,000-35,
000 Da, more preferably about 5,000-25,000 Da. It 1s
possible to substitute arginine (R) for lysine (K), aspartic
acid (D) for glutamic acid (E), and/or glycine (G) for alanine
(A).

In still another embodiment, the terpolymers for use 1n the
present invention contain tyrosine (Y ), glutamic acid (E),
and alanine (A), hereimnafter designated poly-YEA. The
average molar fraction of the amino acids 1n these polypep-
tides can vary. For example, tyrosine can be present in a
mole fraction of about 0.005-0.250, glutamic acid can be
present 1n a mole fraction of about 0.005-0.300, and alanine
can be present 1n a mole fraction of about 0.005-0.800, but
preferably the molar ratios of glutamic acid, alanine, and
tyrosine are about 0.21 to about 0.65 to about 0.14. The
average molecular weight of poly-YEA 1s about 2,000-40,
000 Da, preferably about 3,000-35,000 Da, and more pret-
erably about 5,000-25,000 Da. It 1s possible to substitute
tryptophan (W) for tyrosine (Y), aspartic acid (D) for
glutamic acid (E), and/or glycine (G) for alanine (A).

The terpolymers can be made by any procedure available
to one of skill in the art for example as described in
publications WO 01152878 and WO 01/93893, the entire
contents of which are hereby incorporated by reference 1n
their entirety.

As binding motifs of GA to MS-associated HLA-DR
molecules are known, polypeptides of fixed sequence can
readily be prepared and tested for binding to the peptide-
binding groove of the HLA-DR molecules as described in
Fridkis-Harel1 et al. (32) Examples of such peptides are
those disclosed in WO 005249, the entire contents of which
are hereby incorporated by reference as 1f fully disclosed

herein.

Example 1

Evaluating Predictive Value of Climical Response to GA 1n
Patients Classified as GA-R or GA-HR/NR

This 1s a prospective study in which sixty-two relapsing-
remitting MS (RR-MS) patients treated with GA were
classified clinically as GA-R (N=42) or GA-HR/NR (N=20)
alter 2 years of treatment. Cytokine levels, brain-derived
neurotrophic factor (BDNF) levels, and T-cell proliferation
to GA were analyzed at baseline, 3, 6, 9-12 and 24 months
and assessed for their predictive value of clinical response
alter 2 years of treatment.
Methods
Subjects

Sixty-two patients diagnosed with defimte RR-MS (re-
lapsing-remitting MS) according to the McDonald criteria
(33) were included 1n the study. Following recruitment, the
patients were treated with GA for at least 2 years. Subjects
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were closely followed up at the University of Medicine and
Dentistry New Jersey (UMDNJ)-Robert Wood Johnson

Medical School, University of Maryland Center for MS, the
Gimbel MS Center, Teaneck, N.J. and the Carolina Medical
Center-MS Center, Charlotte, N.C. The climical characteris-
tics of the patients are presented in Table 1. Fifty patients
were females with a mean age o1 41+10.3 years and 12 were
males with a mean age of 39.0£11.9 years. Patients had at
least one relapse during the year prior to mitiation of GA

therapy (Table 2). After at least 2 years on GA therapy,

16

patients were classified as GA-R (n=42) or GA-HR/NR
(n=20) based on a clinical criteria more stringent than those
recently reported 1n the literature. (34) A responder (R) 1s a

patient with an annual relapse rate (ARR)<0.5 and no
evidence of disease progression as measured by EDSS
(expanded disability status scale). A hypo/non-responder

(HR/NR) is

a patient with an ARR>0.5 and/or with progres-

sion 1n the ]
(Table 3).

HDSS of at least 1 point sustained for 6 months

TABLE 1

Characteristics of MS patients and their clinical classification

Disease
Duration

(yrs)

0
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) No Age/Sex
1. G1 35/M
2. G2 47/F
3. G4 53/F
4. G5 29/F
5. G6 59/F
6. G8 53/F
7. G9 52/F
8. N1 34/F
9. N2 31/F
10. N3  38/F
11. N4 28/F
12. N5 49/F
13. N6 40/F
14. N7 42/F
15. N9 27/M
16. N10 37/M
17. N11 40/M
18. N12 42/F
19. N13 33/M
20. N14 49/F
21. N15 53/F
22. N16 33/M
23. N17 24/M
24. N18 17/F
25. N19 37/F
26. N20 46/F
27. N21 31/F
28. C1  32/F
29. C2  45/M
30. C3 45/F
31. C4 32/F
32. C5  29/F
33. C6 60/F
34. C7 53/F
35. C8 53/F
36. C10 43/F
37. C11 52/F
38. C12 40/F
39. C13 44/F
40. C14 S51/F
41. C15 51/F
42. Cl6 40/M
43. C17 60/M
44, C18 29/F
45. C19 22/F
46. C20 53/F
47. C21 49/F
48. C22 63/M
49. C23 39/F
50. C24 36/F
51. C25 28/F
52. C26 36/F
53. C27 32/F
54. C28 30/F
55. U4 40/F
56. U9 53/F
57. U10 50/F
58. Ul3 44/F
59. Ul17 38/F
60. U20 32/M

b Lo Oy =] 00 L O L b B

2 —
N
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Treatment
Duration EDSS ARR Clinical
(mo) Pre-Rx On-Rx Pre-Rx On-Rx  Status

24 2.5 0 0.5 0 R
24 3 2 0.5 0 R
24 3 1 0.5 0 R
24 2 3 2.0 2 HR/NR
24 2.5 2.5 0.5 1 HR/NR
24 2 2 0.5 0 R
24 1 2 0.5 0.5 HR/NR
24 2.5 2.5 1 0.5 R
24 3.5 2.5 0.5 0 R
24 2.5 3.5 1.5 0.5 HR/NR
24 2.5 2 0.5 0 R
24 2.5 1.5 1.5 0 R
24 6 6 0 0 R
24 2.5 1 1 0 R
24 3.5 1 R
24 3 4 0.5 0 HR/NR
24 2 3 1 0.5 HR/NR
24 2.5 2 1 0.5 R
24 1 1 0.5 0 R
24 4 6 1 0 HR/HR
24 1.5 2.5 0 0 HR/NR
24 1 0 0 0 R
24 4 2 1 0 R
24 1.5 1.5 1 0.5 R
24 2.5 2 0 0 R
24 2 4 1 1 HR/NR
24 1 0 0 0.5 R
36 2 1.5 0 0 R
24 2 2.5 0.5 1 HR/HR
24 1.5 1.5 2 0 R
24 3.5 1.5 1 0.5 R
24 1 0 1 0.5 R
48 5 1.5 1 0 R
24 1.5 5 0.5 0.5 HR/NR
24 2 1.5 0 0 R
36 2 2 1 1 HR/NR
24 2 5 1.5 0 HR/NR
24 1.5 2 0 0 R
48 1.5 1.5 1 0 R
48 1.5 2.5 1 1 HR/NR
3% 1.5 1.5 1 1 R
24 0 1.5 0 0.5 HR/NR
30 1.5 2 1 1.5 HR/NR
25 2 2 1 0 R
24 2 0 0 0 R
24 4 5 0.5 0.5 HR/NR
24 2 2 1 0 R
27 2.5 2.5 0 0 R
24 1 2 0.5 0.5 HR/NR
24 1.5 1.5 1 0 R
24 2.5 1.5 0.5 0.5 R
24 1.5 2 0.5 0.5 R
24 2 3 0.5 1 HR/NR
24 2 2 0.5 0.5 R
48 2 2 ‘ 0.5 R
24 1 2 1.5 HR/NR
24 2 ’ 0 R
24 ‘ 0 R
24 1 0 R
24 0.5 0 R
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TABLE 1-continued

Characteristics of MS patients and their clinical classification

18

Disease  Treatment
Duration  Duration EDSS ARR Clinical
ID No Age/Sex (yrs) (mo) Pre-Rx On-Rx Pre-Rx On-Rx  Status
61. U21 27/F 2 24 1 1 0.5 0 R
62. U22 31/F 10 24 2 1 0.5 0 R
ARR: Annual Relapse Rate
EDSS: Expanded Disability Status Scale
R: Clinical Responder
HR/NR: climical Hypo/Non-Responder
Rx: Treatment
G: MS Center at Holy Name Hospital Patients
N: Carolina Medical Center, MS Center Patients
C: Umversity of Maryland, MS Center Patients
U: UMDNIJ-RWIH MS Center Patients
TARIE 2 - (Teva Pharmaceutical Industries, Ltd., Israel), tetanus toxoid
. . (I'T 5 ug) obtamned from UMASS (University of Mass,
Patients Demographics Worcester, Mass.). The latter was used as a control antigen.
Demographics GAR GA-HR/NR  p values Supernatants were collected from cultured cells at days 1, 3
. and 5 for various assays. After 5 days, 1 uCi *H-thymidine
S{iﬁjng patients ; 843 04 ac 22+0 . NS »5 was added. Cells were harvested 18 hours later using
Sex o S TOMTEC cell harvester (TOMTEC, Hamden Conn.). Incor-
porated radioactivity was measured using a liquid Scintil-
IFVI 3; 12 lation counter (Wallac MicroBeta Trilux, PerkinElmer, Bos-
Mean Duration of 8.3 £ 6.1 12.2 £ 8.2 NS ton, Mass.).
illness (years) 30 ELISPOT ASSEly
Mean ARR Human IFN-y (Thl indicator) and IL-4 (Th2 indicator)
N 067 0 4c 080 2 049 NS were measurjed by the ELISPOT. assay according to the
54 mo R 014 + 095 0.75 + 0.50 0.03 manufacturer’s protocol (BD Biosciences, San Diego,
Mean EDSS Calif., USA). Briefly, ELISPOT plates (PVDF plate, Milli-
35 pore Corporation, MA, USA) were coated with 100 ul/well
ET_RXRX i‘g = }'gg 1'393 = ?'ig {gﬁl of 5 ug/ml capture antibody at 4° C. over night. The plates
Imno . * 1. L X 1. . 5 . .
were then washed with PBS, and incubated with 200 ul/well
R: Responder of blocking solution (culture medium) for 2 hours. PBMC
HR/NR: Hypo/Non-responder (2x10° cells/well for IFN-y and 4x10° cells/well for 1L-4
N3: not sigmficant 40 detection) and antigen (GA 40 and 100 ug/ml, TT 5 pug/ml,
CD3Ab (2.5 ug/ml)/CD28 Ab (1 ug/ml)) was added and
TABLE 3 cultured overnight at 37° C. in a 5% CO, incubator. Samples

Criteria for clinical classification

after 2 vears of treatment with GA.

GA-R(N = 42) GA-HR/NR (N = 20)
Annual Relapse Rate <0.5

and

No evidence of sustained disease
progression as measured by EDSS

Annual Relapse Rate >0.5
and/or

Progression in the EDSS of at
least 1 point sustained for =6
months

R: Responder;
HR/NR: Hypo/Non-responder

Cells
Approximately 60 cc of blood was obtained by venipunc-

ture from each MS patient pre-treatment and at successive
time points during treatment (3 months, 6 months, 9-12
months and 24 months). PBMC were purified using Ficoll-
Hypaque gradients as described 1n the supplier’s protocol
(ICN Biomedicals Inc. Ohio, USA). Samples from collabo-
rating centers were sent via overnight FedBEx™ delivery at
room temperature and processed immediately upon arrival.
Lymphoproliferation Assay

2x10° PBMC/well were seeded in 96 well U-bottom
micro titer plate in the absence of antigen (unstimulated
condition) (US) or the presence of GA at 40 and 100 pug/ml
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were tested 1n triplicate wells 1n response to each antigen.
After overnight culture, the plates were washed twice with
detonized water and three times with PBS, then incubated
with 100 ul of 2.0 ug/ml biotinylated antibody for 2 hours at
room temperature. The plates were then washed three times
with wash bufler (0.05% Tween-20 PBS), and incubated
with 100 pl of 1:100 dilution of Avidin-HRP for 1 hour at
room temperature and washed three times with wash butler.
Finally 100 ul of AEC (3-amino-9-ethyl-carbazole) substrate
was added and the reaction was stopped by washing plates

with distilled water. Spots were counted and analyzed by
CTL Analyzers LLC ELISPOT Plate Reader (Cleveland,

Ohio, USA).
ELISA

Interleukin-18 and caspase-1 levels were detected by
human ELISA kats (Sandwich ELISA, Bender Nedaystems,
USA). The sensitivity of the ELISA was 9.2 and 3.3 pg/ml
for IL-18 and caspase-1 respectively. TGF-f3, TNF-a, 1L-4,
IFN-v, I1L-17 and IL-10 levels were detected by human
ELISA kits from ebioscience (San Diego Calif., 92121
USA). The sensitivity of the ebioscience kits were 60 pg/ml,
4 pg/ml, 2 pg/ml, 4 pg/ml, 4 pg/ml and 2 pg/ml respectively.
BDNF was detected by the Human BDNF ELISA kit from
Chemicon International (catalog #CYT306). The sensitivity
of the BDNF ELISA was 7.8 pg/ml. According to assay
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instructions, the limit of detection of the cytokines was
defined as the analyte concentration resulting 1n an absorp-
tion significantly higher than that of the dilution medium
(calculated as the mean plus 2 standard deviations). Dupli-
cates should be within 20% of the mean.
Statistical Analysis

A software package (Graphpad, Prism 5.0™) was used 1n
the statistical analysis. The differences between GA-R and
GA-HR/NR were compared using ANOVA, paired or
unpaired t-test as well as Bonferroni’s test for multiple
column analysis. A p-value <0.05 was considered statisti-
cally significant. Results are expressed as meanxSD or
mean+=SEM.
Results
Classification of Clinical Responders and Hypo/Non-Re-
sponders

The patients were classified as GA-responders or hypo/
non-responders after being treated with GA for at least 24
months, based on their ARR and progression 1n disability
while on treatment (Tables 1 and 3). The mean disease
duration was 8.3+6.1 years for the GA-R group and 12.2+8.2
years for GA-HR/NR group. The mean treatment duration
was 26.4+6.6 months for the GA-R group and 26.1+5.9
months for the GA-HR/NR group. The baseline ARR and
EDSS were not significantly different between the GA-R
and the GA-HR/NR groups. However, the ARR and EDSS
were significantly lower at the end of the treatment period in
the GA-R group compared to the GA-HR/NR. Overall, a
79% reduction 1n the ARR and a 0.61 point decrease 1n the
EDSS occurred 1n the GA-R, whereas a 6.25% reduction 1n
the ARR and a 1.12 point increase in the EDSS occurred in
the GA-HR/NR during treatment (Table 2).
Lymphoproliferative Response

The ex-vivo PBMC proliferative response to GA and TT
are presented i FIG. 1 as ACPM (mean cpm 1n antigen
stimulated minus mean c¢pm 1n unstimulated wells). The
background activity (unstimulated condition) mean range
was 190-700 CPM. Overall, there was an 1nitial increase 1n
the proliferative response to GA and 1T at 3 months during
treatment followed by a decline after 6 months of treatment.
There was no difference 1n PBMC proliferation to GAor TT
between GA-R and GA-HR/NR belore or during treatment
at 3, 6, 12 months or 2 years (p values at all time points were
>().05).
Cytokine Expression

Cytokine levels 1n serum and supernatant at different time
points from the GA-R and the GA-HR/NR are shown in
Table 4. Serum IL-18 levels were significantly decreased
among GA-R during GA treatment compared to pre-treat-
ment only at month 6 (p=0.017), while the reduction in
IL-18 was not significant among GA-HR/NR at any time
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point (p>0.05) (FIG. 2). Supernatant 1L-18 levels did not
show any significant changes from baseline and did not
differ between the 2 groups (FIG. 3). Since caspase-1
regulates IL-18 secretion by proteolytic cleavage of the
immature 1L-18 (35), we measured caspase-1 levels, which
were significantly reduced during treatment among GA-R
(p=0.04) but was unchanged among GA-HR/NR (p>0.03).
(Glatiramer acetate treatment resulted 1n an increase 1 IL-10
levels during the course of treatment 1n both serum and
PBMC supernatants during therapy compared to pre-treat-
ment levels. Although serum and supernatant I1L-10 levels
showed an 1ncrease as early as 3 months during treatment,
such an increase became statistically significant at 6 months
(p=0.011 and 0.01) (FIGS. 2 and 3). Compared to baseline,
supernatants from ex-vivo GA-stimulated cells showed a
reduction 1n IL-17 levels in the GA-R but not the HR/NR.
The reduction 1n IL-17 was only sigmificant at 6 months
during treatment (p<0.01) (FIG. 3). No significant changes
from baseline or differences between GA-R and GA-HR/NR
for IFN-y, TNF-a, TGF-p, and IL-4 serum levels were seen
when measured by ELISA (FIG. 2 and Table 4).

Since ELISA failed to demonstrate differences in IFN-vy
and IL-4 levels between GA-R and GA-HR/NR, we
employed a more sensitive assay (ELISPOT) for measuring
these cytokines. Expression of IFN-y and IL-4 examined by
ELISPOT in PBMC obtained ex-vivo from GA-treated MS
patients at baseline and at various time points during treat-
ment are presented 1n Table 5. The mean number of IFN-y
spots 1n ant1-CD3/CD28 stimulated PBMC declined over-
time and was significantly lower at months 12 and 24
compared to baseline 1n the GA-R group (12 mo p=0.03; 24
mo p=0.01). This was not observed in the GA-HR/NR
group. In contrast, a decline in IL-4 and a stable IFN-vy
expression were observed 1 the GA-HR/NR group. The
IL-4/IFN-y ratio in unstimulated and i anti-CD3/CID28
stimulated PBMC was significantly higher among GA-R
during treatment compared to pre-treatment levels (FIG. 4).
Brain-Derived Neurotrophic Factor (BDNF) Expression

Glatiramer acetate stimulated PBMC have been shown to
produce BDNF 1n mice and human. Therefore, we examined
the possibility that BDNF expression in PBMC from GA.-
treated patients may correlate with the clinical response to
GA.

Serum BDNF levels did not show significant changes
during treatment from baseline 1n either group nor was there
a difference between the two groups at all treatment time
points (F1G. 5A). However, supernatant BDNF levels from
GA-stimulated PBMCs showed a significant increase at 3
months during treatment compared to baseline 1n the GA-R

group (p=0.01), but not 1n the GA HR/NR group (FIGS. 5 B
and C).

TABLE 4

Cytokine levels (pg/ml) in serum and supernatant among GA-R and GA-HR/NR during the course of treatment

PATIENT
CLINICAL TIME POINT (months)
CYTOKINE STATUS Pre-Rx 3 mo 6 mo 0-12 mo 24 mo
SERUM
II.-1% R 304 £ 26 (n = 29) 279 £ 23 (n = 28) 189 £ 26 (n=29) 262 +£15 (n=8§) 260 £ 12 (n = ¥)
HR/NR 300 £ 29 (n = 18) 284 + 35 (n = 18) 310 £ 39 (n=12) 283 £22 (n=7) 265 £ 15 (n=17)
CASPASE-] R 325 £ 26 (n = 29) 279 £ 23 (n = 26) 187 £ 21 (n=29) 288 +£12 (¥) 282 £ 11 (n = 8)
HR/NR 300 £ 29 (n = 19) 284 + 35 (n = 16) 302 £42 (n=12) 255 21 (7) 276 £ 7 (n=7)
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Cvtokine levels (pe/ml) in serum and supernatant among GA-R and GA-HR/NR during the course of treatment

PATIENT
CLINICAL TIME POINT (months)
CYTOKINE STATUS Pre-Rx 3 mo 6 mo 9-12 mo 24 mo
IL-10 R 32 £+4.5 (n =335 47 £ 8.1 (n = 35) 67 £ 11 (n = 33) 69.8+ (n = 135) 56 £ 18 (n =15)
HR/NR 38+ 9 (n=20) 40 £ 7.0 (n =17) 3783 (n=15) 40 7.0 (n=11) 37.6 £5 (n=11)
IEN-v R 29 £ 2.3 (n =40) 25 £ 2.1 (n =38) 24+ 1.9 (n=40) 48+ 6.3 (n=28) 45 £ 3.8 (n = §)
HR/NR 25+ 1.7 (n =22) 27 £145 (n =24 260 153 (n=22) 35258 (n=7) 45 £53 (n=7)
IL-4 R 16 £ 0.60 (n = 34) 16 £ 0.70 (n = 34) 17 £+ 0.81 (n =31) 17 £+ 1.8 (n = 8§) 16 £ 1.0 (n = &)
HR/NR 14 + 0.70 (n = 20) 13 £0.92 (n=17) 13 +1.4 (n=135) 18 + 1.4 (7) 16 +1 (n=7)
TGE-p R 1774 £ 48 (n = 37) 1908 + 70 (n = 37) 1968 =+ 75 (n =35) 1901 = 64 (n = ¥) 1983 £ 93 (n = §)
HR/NR 1796 £ 95 (n=17) 1921 =150 (n=15) 1723 £147 (n=15) 1727 97 (n=7) 1844 + 533 (n=7)
TNF-a R 57 £ 3.6 (n=37) 47 £ 3.3 (n = 37) 44 £ 4.6 (n =35) 54 £4.24 (n = 8) 50.13 £ 1.5 (n = 8)
HR 51 £ 3.0 (n =20) 56 £ 5.0 (n=15) 5570 m=15) 539 3518 (n=7) 524 £9.64 (n=7)
SUPERNATANT
IL-10 R 170 £ 60 (n = 32) 200 £ 65 (n = 32) 310 £ 64 (n =32) 249 =70 (n = 8) 255 £45 (n =8)
HR/NR 143 + 61 (n = 25) 160 £ 65 (n = 25) 153 £ 69 n = 26) 181 + 22 (8) 200 £ 59 (n = 8)
IL-17 R 176 £ 31 (n = 32) 184 + 40 (n = 32) 60 £35 (n=32) 134 +«12 (n =8) 167 £ 18 (n = 8)
HR/NR 178 £ 25 (n = 25) 160 £ 25 (n = 25) 146 + 25 (n235) 129+ 7.3 (n=7) 179 £ 21 (n=7)
TABLE 5
II.-4 and IFN-y expression i CD3/CD28 Stimulated PBMC.
IEN-v [1.-4 [L-4/IFN-y RATIO
Time point R HR/NR R HR/NR R HR/NR
Baseline 197 = 28 192 £ 26 35+£39 39+9 0.11 £0.02 0.12 £0.05
(n =27) (n=14) m=27) (n=14) (n = 27) (n = 14)
3 mo 182 £ 18 206 £ 24 44+ 74 14 £+ 4% 0.24 £ 0.04* 0.08 = 0.02
(n =27) (n=14) m=27) (n=14) (n = 27) (n = 14)
6 mo 150 + 15 233 £ 26 4573 206  0.32 =£0.07% 0.06 £0.05
(n =27) (n=14) (m=27) (n=14) (n = 27) (n = 14)
9-12 mo 110 £ 19% 218 £ 34 39 £ 3.8 23 £ 5  0.34 £ 0.08% 0.08 £0.05
(n = 20) (n=12) @=20) (m=12) (n = 20) (n =12)
24 mo 86 £ 14* 186 35 36+ 7.2 21 £ 3.5 0.25 £0.07% 0.10 £ 0.05
(n =16) (n=12) @=16) (n=12) (n = 16) (n =12)

R: Responder; HR/NR: Hypo/Non-responder

*S1gnificant p value {change from baseline)

Correlation of Cytokine Expression with Clinical Response

Linear regression analysis between cytokine levels and
climical outcome measures (ARR and EDSS) using Spear-
man correlation 1s presented in Table 6. A significant nega-
tive correlation between serum IL-10 levels on one hand and
ARR and EDSS on the other hand were seen as early as 3
months and 6 months during treatment with GA. In contrast,
a significant positive correlation was seen between 1L-17,
ARR and EDSS at 6 months of treatment. Likewise, sig-
nificant negative correlations were observed 1n the IL-10/
IL-18 and IL-10/IL-17 ratios and ARR. No significant
correlation was observed between the rest of the cytokines
and either ARR or EDSS (data not shown). Linear regression
analysis between IL-4 as measured by ELISPOT and clinical
responses using spearman correlation showed no significant
correlation. However, a significant positive correlation was
observed between the number of IFN-y spots and ARR
(p=0.02). A sigmificant negative correlation between ARR
and IL-4/IFN-vy ratio was also observed.
Analysis of Predictive Value of Early Biomarkers

The predictive value of the different biomarkers used in
this study are shown 1n Table 7. The sensitivity, specificity,
positive predictive value (PPV) and negative predictive
value (NPV) were analyzed to determine the usefulness of
the different biomarkers for potential climical application.
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The sensitivity of the test 1s defined as the proportion of
clinical responders who are correctly 1dentified as such. The
specificity on the other hand measures the proportion of
negatives which are correctly identified. The PPV of a test
1s defined as the proportion of patients with positive test
results who are correctly identified, whereas the NPV of a
test 1s the proportion of patients with negative test results
who are correctly identified. The mean cytokine levels
(Mean+1 SD and or Mean+2 SD) at baseline (pre-treatment)
were used as starting points to which individual cytokines
were compared at each treatment time point. The IL-4/IFN-y
ratio measured by ELISPOT was sigmificantly increased in
GA-R but not in GA-HR/NR at all treatment time points
producing a positive predictive value (PPV) of 80% and a
specificity of 93%. Compared to pre-treatment, serum and
supernatant 1L.-10 levels were sigmificantly higher in GA-R

at 6 months during therapy (p=0.01) with a PPV of 84%.

Conversely, an IL-10 serum level below 52 pg/ml at 6
months treatment predicted non-response to GA with 94%
specificity. Interleukin-17 measured in polyclonally acti-
vated PBMC showed a PPV of 75% and a specificity of
97%. Interestingly, when the IL-10/IL-18 ratios 1n serum
and IL-10/IL-17 ratios in supernatant were measured to
predict responses to the drug, 1t produced a sensitivity of

62%, a specificity of 93% and 95% PPV. An IL-10/IL-18
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rat1o 1n the serum below 0.74 predicted non-response to the
drug with 62% sensitivity, however, an IL-10/IL-17 ratio
below 2.03 predicted non-response to the drug with 96%

Spearman correlations of cytokine levels with clinical

Speciﬁcity. outcome at 2 years of treatment with GA.
5
CLINICAL RESPONSE AT 2 YEARS
TABLE 6
| | | o ARR EDSS
Spearman correlations of cytokine levels with clinical
outcome at 2 vears of treatment with GA. CYTOKINE (Time Point) N 1 p-value 1 p-value
10
CLINICAL RESPONSE AL 2 YEARS I1-17 (6 mo) 20 0.758  <0.01 0375  0.004
IL-10/IL-18 Ratio (6 mo) 29 0.21 0.01 0.002 0.78
ARR SR IL-10/IL-17 Ratio (6 mo) 20 0.2 <0.01 0.002 0.82
CYTOKINE (Time Point) N 1 p-value 1’ p-value IFN-y 41 0.107 0.0% 0.21 0.002
IL-4 41 0.043  >0.05 0.008 0.86
I1.-10 (3 mo) 47 0.11 0.02 0.0008 >0.05 4 IL-4/IFN-y Ratio 41 0.118 0.008 0.008 0.218
(6 mo) 43 0.103 0.03 0.121 0.02
TABLE 7
Sensitivity, Specificity, PPV and NPV of different biomarkers used in the study.
TIMEPOINT
POTENTIAL DURING BASELINE + 18 D BASELINE + 25 D
BIOMARKER TREATMENT SENSITIVITY SPECIFICITY PPV NPV SENSITIVITY SPECIFICITY PPV NPV
SERUM
IL 10 3 mo 17% 88% 75%  34% 11% 94% 80% 34%
6 mo 30% 93% 91% 38% 21% 93% 88% 35%
Caspase-1 3 mo 6%%0 96% 50% 84% 620 96% 50%  64%
6 mo 8%%0 96% 50% 72% 8% 96% 50% 73%
IL-18 3 mo 21% 82% 38%  68% 7% 96% 50%  68%
6 mo 17% 86% 33% 71% 890 96% 50%  72%
IL 10/IL 18 Ratio 3 mo 18% 92% 83% 32% 11% 92% 75%  30%
6 mo 62% 93% 95%  54% 41% 93% 95% 43%
SUPERNATANT
IL-10 3 mo 19% 96% 86% 48% 9% 96% 75%  52%
6 mo 38% 92% 86% 60% 34% 96% 92%  60%
IL-17 3 mo 4% 97% 50% 356% 820 97% 67% 49%
6 mo 12% 97% 75%  38% 8%%0 97% 67% 51%
IL.-10/IL-17 Ratio 3 mo 34% 88% 79% 51% 22% 96% 88% 49%
6 mo 47% 92% 88% 58% 28% 96% 90% 51%
BONEF 22% 96% 88% 49% 9% 96% 75% 45%
6 mo 16% 96% 83% 47% 620 96% 67% 44%
ELISPOT
[L.-4/IFN-y Ratio 3 mo 52% 71% 78% 43% 15% 93% 80% 36%
6 mo 41% 93% 92% 45% 26% 93% 87% 39%
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Example 2

Evaluating Predictive Value of Biomarkers 1n Response to
GA Treatment 1n Patients Classified as GA-R or GA-HR/NR
Using a Revised Statistical Methodology
Methods

Pre-treatment serum levels and the change 1n those levels
during treatment were all considered for predicting response
to treatment. Because the number of markers varied among,
individuals, 1t was not possible to make direct statistical tests
of the prognostic value of various markers. Instead, we used
the AUC (area under the receiver operating characteristic
curve) as a summary measure of that prognostic value. AUC
was used to select the top performing markers. Because we
wished to construct a binary predictor rather than a prob-
ability-5 based nomogram, we dichotomized each variable
by using as a threshold the value minimizing the distance
between the ROC plot and the upper leit corner of the unit
square. As the threshold were not set a prior1, we used the
bootstrap statistical method to determine “optimism”™-cor-
rected values of common test performance measures. This
bootstrap included the threshold-determining step.
Results

Table 8 shows those markers with top optimism-corrected
AUC for change from baseline. Thresholds for dichotomiz-
ing these measures are also shown, along with optimism-
corrected statistics of predictive performance of the dichoto-
mized measurements. F1G. 6 A-B shows the full ROC curves
tor these markers, along with the curve for a combination of
six-month markers. IL-10 was not used in these combina-
tions, because only 9 subjects had the full set of marker
measurements. Because IL-18 and caspase clearly dominate
the other dichotomized 6-month measurements, only those
markers are used in the dichotomized combination test.
Table 9 shows responder status by the dichotomized out-
come of those two variables.

TABLE 8
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TABLE 9

Dichotomized change at 6 months of Caspase
by I[.-18 by responder status.

A Caspase at 6 months

Above Below
AIL-18 at 6 Above Nonresponder: 6 Nonresponder: 1
months Responder: 2 Responder: 2
Below Nonresponder: 3 Nonresponder: 1
Responder: 5 Responder: 19
Discussion

Several studies propose a mechanism by which glatiramer
acetate exerts 1ts beneficial effect. It was thus demonstrated
that glatiramer acetate binds promiscuously and with high
alhinity to various class II MHC molecules of mouse and
human origin, and can even displace antigens from the MHC
antigen-binding groove. (36) In this way, the presentation of
other antigens and, consequently, the persistence of inflam-
matory process, 1s down-regulated.

Recent studies also indicate that GA induces immuno-
modulatory activity exerted by cells of monocytic lineage
including antigen presenting cells (APC) through an
increase in I1L.-10 and reduction 1n IL-12 and IL-1B. (37-40)
Current data also provide evidence that regulatory T-cells
(Tregs) contribute to GA’s therapeutic action in EAE and
possibly, MS. (15) Recent reports indicate that the defi-
ciency in CD4™ CD25% FoxP3™ regulatory T-cells
observed 1n MS and EAF 1s restored by GA treatment. (41,
42) These findings represent a plausible explanation for
GA-mediated T-cell immune modulation and may provide a
useiul insight into the mechanism of action of GA 1n EAE
and MS.

There 1s currently no practical in vitro assay for monitor-
ing the immunological effects of GA. However, a triad of

Summary and predictive performance statistics of top serum markers. All measurements are change
from baseline. Area under the ROC curve (AUC), sensitivity, specificity, positive predictive value,
and negative predictive value are all optimism-corrected using the bootstrap. Bootstrap-determined
95% confidence intervals are show in parentheses. The optimum threshold was determined by minimizing
the distance between the ROC plot and the upper left corner of the unit square.

Measure
ATL-4 A IL-10 A IL-18 A Caspace A TNF-alpha A IL-10 A IL-10
6 months 6 months 6 months 6 months 6 months 9 months 24 months
Sample Size 44 49 39 39 44 24 25
Proportion 0.68 0.67 0.72 0.72 0.77 0.58 0.60
Responders
AUC (Continuous) 0.77 0.76 0.85 0.80 0.76 0.82 0.83
Median (Responders) 1 15 -102 -142.5 -14 42 29
Median (Non- -1.5 -1.5 2 -19 1 -2 1
Responders)
Optimal Threshold >—0.5 >3.5 <-1.5 <-=70.5 <=2.5 >19.5 =9
Dichotomized Predictors:

Sensitivity 0.51 0.67 0.83 0.72 0.71 0.67 0.69

(0.35, 0.90) (043, 0.86) (0.53,0.93) (0.53,0.90) (0.46,0.89) (0.41,0.93) (0.39,0.92)
Specificity 0.69 0.64 0.65 0.82 0.71 0.89 0.87

(042, 0.97) (048,0.92) (0.60, 1.00) (0.64, 1.00) (0.45, 1.00) (0.70, 1.00) (0.65, 1.00)
Positive Predictive 0.79 0.80 0.82 0.89 0.86 0.90 0.90
Value (0.63, 0.99) (0.67,0.96) (0.79,1.00) (0.80, 1.00) (0.78, 1.00) (0.73, 1.00) (0.68, 1.00)
Negative Predictive 0.39 0.48 0.62 0.53 0.41 0.66 0.65
Value (0.24, 0.77) (0.27,0.75) (031, 0.84) (0.31,0.79) (0.18, 0.73) (0.38, 0.92) (0.35, 0.92)
AUC 0.60 0.65 0.74 0.77 0.71 0.78 0.7%8

(0.4%8, 0.81) (0.54, 0.83) (0.66,0.92) (0.63,0.92) (0.51,0.90) (0.65,0.95) (0.60, 0.95)
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immune responses were proposed by Hohlfeld et al. that
identily GA-treated from untreated patients: (1) a significant
reduction of GA-1induced PBMC proliferation; (2) a positive
IL-4 ELISPOT response mediated predominantly by CD4
cells after stimulation with GA; and (3) an elevated IFN-
gamma response partially mediated by CDS8 cells after
stimulation with high GA concentrations. The GA-induced
changes were consistent over time and allowed correct
identification of GA-treated from untreated patients. (43) In
a preliminary study, we demonstrated that lymphoprolifera-
tion to GA did not differentiate GA-responders (GA-R) from
GA-hypo/non-responders (GA-HR/NR). However, reduced
IFN-v expression and stable 1L.-4 expression in peripheral
blood mononuclear cells (PBMC) and an increased I11.-4/
IFN-v ratio were associated with a favorable clinical
response. (44)

Since the induction of GA-specific Th2 cells 1s not
universal among GA treated MS patients, the immunological
cllects of GA treatment may correlate with the clinical
response. Currently, there are no biomarkers that can reli-
ably predict the clinical response to GA. To determine
whether GA-induced immunological changes 1 vivo can
predict the clinical response to GA therapy and to develop an
carly usetul biomarker to treatment response with GA, we
conducted a prospective 2-year study in which cytokine
levels, BDNF production and lymphocyte proliferation in
ex-vivo PBMC of GA-treated MS patients were correlated
with the clinical response to the drug at the end of at least
2 years of therapy. The laboratory personnel were blinded as
to whether the patients were clinical responders or hypo/
non-responders.

In addition to exerting immunomodulatory activity on
antigen presenting cells (APC), most investigators currently
believe that the immunomodulatory effect of GA 1s linked to
its ability to alter T-cell differentiation, 1n particular promo-
tion of Th2 polarized CD4 cells. These GA-1nduced cells are
believed to mediate bystander immunosuppression through
the induction of IL-10 producing T-regs. (45)

We and others have demonstrated that GA treatment in
MS results 1n the induction of GA-specific T cells with a
predominant Th2 phenotype both in response to GA and
cross-reactive myelin antigens. (46, 47) These findings
strongly suggest that the mechanism of action of GA 1n MS
involves the induction of cross-reactive GA-specific T-cells
with a predominant Th2 cytokine profile. It has been
reported that an ELISPOT assay defines an immunological
response profile observed among GA-treated MS patients.
This immunologic profile includes a robust in vitro activa-
tion of IFN-v producing T cells at high concentrations of GA
and activation of I1L-4 producing T cells over a wider range
of GA concentration. (48) Although several studies have
suggested that Th2 cytokine increases are one of the major
ellects of GA-therapy, we have observed that a decrease 1n
IFN-v rather than an 1ncrease 1n 1L-4 underlies the increased
IL-4/IFN-vy ratio by ELISPOT. This ratio may serve as a
useful biomarker of clinical response to GA-therapy with a
PPV of 80%.

The notion that Thl cells drive the pathogenesis of MS
and FEAE 1s still widely accepted as a major player in the
disease process. However, recent data have established that
IL-17-producing CD4" T-cells, driven by IL-23 and referred

to as Th17 cells, play a pivotal role 1n the pathogenesis of
MS and EAE. (49, 50) A combination of TGF-beta and IL-6

induces Thl7 cell lineage commitment via expression of
transcription factor ROR-y. (49) Glatiramer acetate treat-
ment 1n two different models of EAE was associated with
down-regulation of IL-17. In our study, IL-17 measured 1n
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polyclonally activated T-cell supernatants showed a signifi-
cant reduction 1n GA-R but not in the GA-HR/NR of the 6
months of treatment. Interleukin-17 levels of 235 pg/ml at 6
months during treatment predicted a non-response to GA
with a PPV of 67% and specificity of 97%.

Increasing evidence supports a crucial role for IL-10 1n
the regulation of disease activity in EAE and MS by down-
regulation of various pro-inflammatory cytokines such as
IFN-v, IL-18, IL-17, TNF-q, IL-6 and IL-12 among others.
It has also been shown that IL-10 reduces the severity of
EAE, and ILL.-10 deficient mice manifest more severe dis-
case. (51-53) The beneficial eflect of IL-10 1n MS 1s believed
to be due to its ability to inhibit T-cell proliferation, mac-
rophage activation, induction of T-cell anergy and regulatory
T-cell production. (54-56) Interestingly, Viera et al. recently
reported that GA promotes Th2 cell development and
increased IL-10 production through modulation of dendritic
cells. (38) These cells have been recently characterized as
IL-10 secreting Trl-like regulatory T cells that have the
ability to mediate suppression of autoimmune disease which
have been found to be defective in MS. (57) The ability of
IL-10 to inhibit macrophage activation 1s partly due to
reduced expression of class II MHC molecules and reduced
expression of costimulatory molecules, resulting in a reduc-
tion of T-cell mediated immune nflammation through
down-regulation of pro-inflammatory cytokines.

Compared to pre-treatment, serum and supernatant I1L-10
levels were significantly higher 1n GA-R at 6 months during
therapy with a PPV of 91%. Conversely, an IL-10 serum
level below 32 pg/ml at 6-month treatment predicted non-
response to GA with 90% sensitivity. The predictive values
of IL-10 combined with IL-18 (IL-10/IL-18 ratio) and IL-17
(IL-10/IL-17 ratio) of clinical response to GA were 95% and
90% respectively. An IL-10/IL-18 ratio 1n the serum below
0.74 and an IL-10/IL-17 ratio 1n the supernatant below 2.03
predicted non-response to GA with 93% and 92% specificity
respectively.

It has been reported that GA 1s able to induce BDNF 1n
PBMC that could exert effects on neuronal survival, neu-
rotransmitter release and dendritic growth. It can also poten-
tially rescue injured or degenerating neurons and induce
axonal growth, remyelination and regeneration. (38) Detect-
able levels of BDNF were observed at pre-treatment with

and without stimulation, consistent with previous reports.
(39-61) Serum BDNF did not differentiate GA-R from

GA-HR/NR, however, BDNF levels in the supernatant of
GA-stimulated cells showed a significant increase among
GA-R at 3 months into treatment that was not observed
among the GA-HR/NR group. Interestingly, GA used as a
stimulus to mduce BDNF production showed a slightly
higher level compared to TT1, consistent with an earlier
published report. (62)

No difference was seen in the Ilymphoproliferative
response among GA-R and GA-HR-NR. This corroborates
other’s findings that proliferation assays are not sensitive
enough measure to detect diflerences between responders
and non-responders to the drug. (62-63)

In summary, we have shown that a reduction n IL-17,
IL.-18 and caspase-1, increased supernatant BDNF, increase
in IL-4/IFN-y ELISPOT ratio, and increase in serum IL-10
levels were associated with a favorable clinical response to
GA therapy. The down-regulation of IL-18, IL-17 and IFN-y
can be possibly due to the induction of IL-10 that we
observed during GA therapy. We have demonstrated recently
a correlation between serum IL-10 levels and enhanced
CD47* CD25™ T-reg cell number during GA therapy. (64) We

hypothesize that responders to GA produce a unique subset
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of IL-10-secreting T-cells with regulatory function. This
could potentially explain the difference observed between

GA-R and GA-HR/NR 1n this study.

There are 2 different classes of T-regs within the CD4* T
cell subsets: a CD4* CD25™ IL-10 producing, type-1 regu-
latory T cells (Tr1) and CD47CD25™ T-reg cells. The Trl
cells arise from naive precursors and can be induced 1n vivo
or 1n vitro from naive T-cells by immunosuppressive drugs.
The Trl subset 1s characterized by a distinct cytokine profile
and 1s associated with increased IL-10 production upon
activation. We therefore hypothesize that APCs, upon
encounter with GA are activated 1n an antigen-specific
manner. Upon activation, APCs produce a preferential skew-
ing of naive precursor cells ito Trl type cell with bystander
suppressive function mediated by local release of IL-10. We
presume that GA-specific Trl cells are generated in GA-R
alter exposure to the drug as evidenced by a stable increase
in IL-10 production. On the contrary, lack of IL-10 induction
among GA-HR/NR during treatment 1s indicative of mini-
mal Trl expression in this group.

Our data suggests that cytokine assays in sera, PBMC
supernatants and cellular expression (ELISPOT) after 3-6
months of imtiating GA therapy can predict responders from
non-responders at least 2 years 1nto the future (Table 7). For
example, an increase in serum IL-10 level at 6 months nto
treatment compared to baseline has an 88% PPV and 93%
specificity. Other assays such as cytokine measurement 1n
stimulated PBMC supernatant or ELISPOTS, although more
complex and less practical to perform, has potential to serve
as predictive biomarkers ol GA-therapy. These results pro-
vide mmpetus for validating the potential biomarkers
described 1n this study against other clinical outcome mea-
sures such as magnetic resonance 1maging (MRI) and the
multiple sclerosis functional composite (IMSFC). It 1s also
important to determine the validity of these potential bio-
markers in the long run. This would require clinical follow-
ups bevond 2 years.
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The 1nvention claimed 1s:

1. A method for treating a subject afllicted with multiple
sclerosis with a pharmaceutical composition comprising
glatiramer acetate and a pharmaceutically acceptable carrier,
comprising the steps of:

a) administering a therapeutic amount of the pharmaceu-

tical composition to the subject;

b) determining whether the subject 1s a glatiramer acetate
responder by measuring the value of IL-10/IL-18 ratio
in the blood of the subject, and comparing the measured
value to a reference value to identify the subject as a
glatiramer acetate responder; and

¢) continuing the administration 1f the subject 1s 1dentified
as a glatiramer acetate responder, or modifying treat-
ment of the subject if the subject 1s not identified as a
glatiramer acetate responder.
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2. The method of claim 1, wherein an increase of I1L.-10/
IL.-18 ratio relative to the reference value 1s associated with
a subject being a responder to glatiramer acetate treatment.

3. The method of claim 2, wherein the IL-10/1L-18 ratio
1s measured 1n the serum of the subject.

4. The method of claim 2, wherein the IL-10/IL-18 ratio

1s measured 1n the PBMC supernatant of the subject.

5. The method of claim 2, wherein the increase of
IL.-10/IL-18 ratio relative to the reference value 1s observed
at 3 months after the beginning of administration of the
pharmaceutical composition.

6. The method of claim 2, wherein the increase of
IL.-10/IL-18 ratio relative to the reference value 1s observed
at 6 months after the beginning of administration of the
pharmaceutical composition.

7. The method of claim 1, wherein at 6 months after the
beginning of admimstration of the pharmaceutical compo-
sition the IL-10/IL-18 ratio greater than or equal to a
reference value 0.74 1s associated with a subject being a
responder to glatiramer acetate treatment.

8. The method of claim 1, wherein at 6 months after the
beginning of admimstration of the pharmaceutical compo-
sition the IL-10/IL-18 ratio below 0.74 1s associated with a
subject being a non-responder to glatiramer acetate treat-
ment.

9. The method of claim 1, wherein step b) further com-
prises measuring the value of one or more biomarkers
selected from the group consisting of 1L.-17 concentration,
IL-concentration, TNF-a concentration, BDNF concentra-
tion, caspase-1 concentration, unstimulated 1L-4/IFN-v ratio
and IL-10/IL-17 ratio in the blood of the subject, and
comparing the measured value to a reference value of each
biomarker to identily the subject as a glatiramer acetate
responder.

10. The method of claim 9, wherein an increase of BDNF
concentration relative to a reference value or increase of
IL-10/1L-17 ratio relative to a reference value 1s associated
with a subject being a responder to glatiramer acetate
treatment.

11. The method of claim 10, wherein the increase of
BDNF concentration or IL-10/IL-17 ratio 1s observed at 3
months after the beginning of administration of the phar-

maceutical composition.

12. The method of claim 10, wherein the increase of
BDNF concentration or IL-10/IL-17 ratio 1s observed at 6
months after the beginning of administration of the phar-
maceutical composition.

13. The method of claim 9, wherein a decrease of 11.-17
concentration relative to a reference value, a decrease of
IL-18 concentration relative to a reference value or a
decrease of caspase-1 concentration relative to a reference
value 1s associated with a subject being a responder to
glatiramer acetate treatment.

14. The method of claam 13, wherein the decrease of
IL.-17 concentration, IL-18 concentration of caspase-1 con-
centration 1s observed at 3 months after the beginning of
administration of the pharmaceutical composition.

15. The method of claim 13, wherein the decrease of
IL.-17 concentration, IL-18 concentration of caspase-1 con-
centration 1s observed at 6 months after the beginning of
administration of the pharmaceutical composition.

16. The method of claim 1, wherein the multiple sclerosis
1s relapsing remitting multiple sclerosis in subjects who have
experienced a first clinical episode and have MRI features
consistent with multiple sclerosis.
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17. The method of claim 1, wherein the IL.-10/IL-18 ratio
1s observed at 3 months after the beginming of administration
of the pharmaceutical composition.

18. The method of claim 1, wherein the IL.-10/1L-18 ratio
1s observed at 6 months after the beginning of administration 5
of the pharmaceutical composition.

19. A method for treating a subject afllicted with relaps-
ing-remitting multiple sclerosis 1 subjects who have expe-
rienced a first clinical episode and have MRI features
consistent with multiple sclerosis with a pharmaceutical 1g
composition comprising glatiramer acetate and a pharma-
ceutically acceptable carrier, comprising the steps of:

a) administering a therapeutic amount of the pharmaceu-

tical composition to the subject;

b) determining whether the subject 1s a glatiramer acetate 15

responder by

1) measuring the value of IL-10/IL-18 ratio 1n the blood
ol the subject, and comparing the measured value to
a reference value to identify the subject as a glati-
ramer acetate responder, wherein an increase ol 2g
IL-10/IL-18 ratio relative to the reference value 1s
associated with a subject being a responder to glati-
ramer acetate treatment, wherein the value of 1L.-10/
IL-18 ratio 1s measured about 3 months to about 24
months after the beginning of administration of the
pharmaceutical composition, and
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11) Turther measuring the value of one or more biomark-
ers selected from the group consisting of IL-17
concentration, 1L.-18 concentration, TNF-o concen-
tration, BDNF concentration, caspase-1 concentra-
tion, unstimulated IL-4/IFN-y ratio and 1L-10/1L-17
ratio in the blood of the subject, and comparing the
measured value to a reference value of each bio-
marker to 1dentity the subject as a glatiramer acetate
responder, wherein an increase of BDNF concentra-
tion relative to a reference value or increase of
IL-10/IL-17 ratio relative to a reference value 1s
associated with a subject being a responder to glati-
ramer acetate treatment, and wherein a decrease of
IL.-17 concentration relative to a reference value, a
decrease of IL-18 concentration relative to a refer-
ence value or a decrease of caspase-1 concentration
relative to a reference value i1s associated with a
subject being a responder to glatiramer acetate treat-
ment; and

¢) continuing the administration if the subject 1s 1dentified
as a glatiramer acetate responder, or modifying treat-

ment of the subject 1f the subject 1s not 1dentified as a

glatiramer acetate responder, so as thereby to treat the

subject.
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